BARIUM TITANATE FILM SYNTHESIZING PROCESS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a thin film synthesizing process and, more 

specifically, to a barium titanate film synthesizing process to synthesize barium titanate 
film with uniformly dispersed particles at a low temperature close to room temperature 
within a short electrolytic duration. 

2. Description of the Related Art 

10 Barium titanium is an important functional material for the advantages of 

superior dielectric, ferroelectric and piezoelectric properties. Following fast 
development of technology, products are made thinner, lighter, shorter, and smaller. 
Barium titanate films have many applications. For example, in designing ULSI DRAM, 
Si02/Si3N 4 is used as capacitance material. However, increasing capacitance area 

15 requires a three-dimensional stacking and geographical grooving design. Using barium 
titanate films to substitute for Si02/Si3N4 could maintain plane geometric structure 
under a reduced capacitance size. 

Various methods have been used to synthesize barium titanate film, including 
sputtering, evaporation, chemical vapor deposition, laser coating, sol-gel, hydrothermal 

20 and electrochemical processes, etc. Electrochemical process is superior to the other 
methods for the advantages of simple set-up of instruments, low processing 
temperature, high deposition rate, and easy formation of crystallized film. 
Electrochemical deposition of barium titanate film can be achieved by cathodic 
reduction or anodic oxidation. Cathodic reduction often results in amorphous structure 

25 which must be further heat-treated to yield crystalline structure. Moreover, the film 



surface is generally porous. On the other hand, electrochemically anodic oxidation can 
also be used to synthesize barium titanate films on substrates in an alkaline solution of 
Ba(OH) 2 or Ba(CH 3 COO) 2 . Uniformly dispersed spherical particles are seen in barium 
titanate films synthesized by this method. The quality of barium titanate films 
5 synthesized by electrochemically anodic oxidation is superior to that obtained by 
cathodic reduction. Electrochemically anodic oxidation normally yields crystalline 
phase, hence no further heat treatment is necessary. However, titanium substrates must 
be used in electrochemically anodic oxidation. Manufacturers are developing 
economical processes with simple set-up of instruments and a considerably fast growth 
10 rate. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished under the circumstances in 
view. It is the main object of the present invention to provide barium titanate film 
synthesizing process, which is capable of synthesizing a barium titanate film on a 

15 heterogeneous substrate by electrochemically anodic oxidation. It is another object of 
the present invention to provide a barium titanate film synthesizing process, which is 
economical. It is still another object of the present invention to provide a barium 
titanate film synthesizing process, which can synthesize a barium titanate film with 
uniformly dispersed particles on a substrate at a low processing temperature within a 

20 short electrolytic duration. 

To achieve these and other objects of the present invention, the barium 
titanate film synthesizing process comprises the steps of (a) coating a titanium film on 
the surface of a substrate, and (b) synthesizing a barium titanate film on the 
titanium-coated substrate in an electrolyte containing barium ions by electrochemically 

25 anodic oxidation. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic drawing showing the experimental set-up for the 
process according to the present invention. 

FIG. 2 is an enlarged view of a part of FIG. 1. 
5 FIG. 3 is an X-ray diffraction spectrum of a finished product obtained 

according to the first embodiment of the present invention and a finished product 
obtained according to the prior art method. 

FIG. 4 is a microscopic picture of the surface of the finished product 
obtained according to the first embodiment of the present invention. 
10 FIG. 5 is a microscopic picture of the cross section of the finished product 

obtained according to the first embodiment of the present invention. 

FIG. 6 is a microscopic picture showing the contour of the surface of the 
finished product obtained according to the first embodiment of the present invention. 

FIG. 7 is a microscopic picture of the surface of the finished product 
1 5 obtained according to the second embodiment of the present invention. 

FIG. 8 is a microscopic picture of the surface of a finished product obtained 
according to the prior art. 

FIG. 9 is a microscopic picture of the surface of a titanium film made 
according to the present invention. 
20 FIG. 10 is a microscopic picture of the surface of a bulk titanium substrate 

made according to the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a new technique to synthesize barium titanate 
(BaTi0 3 ) on homogeneous substrates (titanium) or heterogeneous substrates (silicon 
25 wafers, glass, ceramics, polymers, other metals, etc.). According to the first 

3 



embodiment of the present invention, the technique is to synthesize barium titanate 
films on heterogeneous substrates. 

The method combines sputtering deposition of titanium films and 
electrochemically anodic oxidation. The process includes two steps. The first step is to 

5 deposit titanium films on silicon substrate by sputtering. The second step is to 
synthesize barium titanate films with uniformly dispersed spherical particles on 
Ti-coated substrates in a highly alkaline solution of Ba(CH 3 COO) 2 and NaOH. In 
generally, the invention is to form a titanium seeding layer on a heterogeneous 
substrate, and then to synthesize a barium titanate film on the titanium seeding layer by 

10 electrochemically anodic oxidation. 

The method is outlined hereinafter by means of an example with reference to 
FIGS. 1 and 2. At first, a titanium film 1 was deposited on a P type (100) silicon wafer 
2 by unbalanced magnetron sputtering to form a Ti-coated (titanium-coated) silicon 
wafer 3. The sputtering parameters are as in Table I. The film thickness is about 0.5 

15 urn. In actual practice, other deposition methods, for example, evaporation may be 
employed. The film thickness is not critical as long as the film sustains throughout the 
anodic oxidation. 

Table I Process parameters for depositing titanium film on silicon wafer by 
unbalanced magnetron sputtering 



20 



DC power 



30 W 



Working pressure (Ar) 



1.5 mTorr 



Titanium Purity 



99.5% 



Substrate temperature 



300°C 



25 



Substrate-target distance 



35 cm 
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Deposition rate 
Thickness of titanium film 



5 nm/min 
~0.5 urn 



Thereafter, the Ti-coated silicon wafer 3 was cleaved into a sample strip of 
5 size 12.5 mm x 12.5 mm, and then cleaned with acetone in an ultrasonic cleaner. 
After cleaning, the back side of the Ti-coated silicon wafer 3 was put on a cylindrical 
copper holder 4, and then an annular copper plate 5 was pressed on the border area of 
the front side of Ti-coated silicon wafer 3 against the cylindrical copper holder 4, and 
then a copper rod 6 was connected to the copper holder 4 for use as anode in 
10 electrolytic cell. And then, the copper holder 4 was put in a Teflon holder 8, and a 
silicon rubber gasket 9 was put in the annular copper plate 5 to seal the copper holder 4 
from the electrolyte 10, and a Teflon sleeve 11 was sleeved onto the copper rod 6 and 
sealed with silicon glue, keeping the Ti-coated silicon wafer 3 in contact with the 
electrolyte 10. The exposed area of the sample strip (Ti-coated silicon wafer 3) was 
15 about 0.79 cm 2 . A 250 ml Teflon beaker 12 was used as an electrolytic cell in the 
procedure. A K-type thermocouple was used to monitor the temperature of the 
electrolyte 10. A platinum plate 15 was used as the cathode. Further, a heating tape 16 
was extended around the periphery of a 500 ml glass beaker 18 to heat water in the 
beaker 18. During the process, oxygen was continuously flowed into the electrolyte 10 
20 through a Teflon tube 20, and a magnetic Teflon-coated spin bar 22 was used to stir the 
electrolyte 10. In order to reduce evaporation, a condensing tube 25 was installed in the 
Teflon cover, referenced by 24. The electrolyte 10 was a highly alkaline solution of 
Ba(CH 3 COO) 2 and NaOH prepared in a Teflon beaker by means of the application of 
boiled secondary distilled water. 

25 The sample strip (Ti-coated silicon wafer 3) was put in the electrolyte 10, 
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and electrochemically anodic oxidation was started 30 minutes after the temperature of 
the electrolyte 10 had been reduced to and maintained at 55°C. During anodic 
oxidation, the processing temperature was maintained at 55°C. Electrochemically 
anodic oxidation was performed by means of a computer program via a GPIB interface 
5 to control power supply to gradually increase electrolytic voltage to 3 V under voltage 
scan rate 50 mV/s and then maintain the same electrolytic voltage about 24 hours. 
After electrochemically anodic oxidation, a barium titanate (BaTi0 3 ) film 28 was 
formed on the sample strip (hereinafter the barium titanate (BaTi0 3 ) film-coated 
sample strip was referenced by 30). The sample strip 30 was then dipped in hot 
10 ammonia water (pH~ll), and then washed with deionized water, and then 
ultrasonically cleaned in ethanol for 1 minute, and then dried by baking. 

As illustrated in FIG. 3, X-ray diffraction spectra show formation of a 
barium titanate (BaTi0 3 ) film on the sample strip 30 (see the lower curve in FIG. 3), 
which possesses the same crystalline structure as that synthesized by conventional 
15 anodic oxidation requiring bulk-Ti as substrate (see the upper curve in FIG. 3). FIG. 4 
shows morphology of the sample strip 30 viewed under FE-SEM (Field-Emission 
Scanning Electron Microscope). The morphology shows the presence of a barium 
titanate (BaTi0 3 ) film with uniformly dispersed spherical particles, which is similar to 
that synthesized by conventional anodic oxidation requiring bulk-Ti as substrate. FIG. 
20 5 is a cross-sectional view of the sample strip 30 observed under FE-SEM. As 
illustrated, the silicon wafer 1, the titanium film 2 and the barium titanate (BaTi0 3 ) 
film 28 are seen in the picture. The thickness of the barium titanate (BaTi0 3 ) film 28 is 
about 0.1 pm. The surface of the barium titanate (BaTi0 3 ) film 28 was observed by an 
AFM (Atomic Force Microscope), as shown in FIG. 6, showing Ra about 6 nm and Rq 
25 about 8 nm, i.e., the particles are uniformly dispersed on the surface of the barium 
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titanate (BaTi0 3 ) film 28. 

As illustrated in FIG. 7, barium titanate (BaTi0 3 ) film of thickness about 0.1 
Urn with uniformly dispersed spherical particles was formed under a voltage scan rate 
10 mV/s at a low electrolytic voltage 0.4 V over a short electrolytic duration about 40 
5 seconds. This example shows a rapid synthesis of barium titanate (BaTi0 3 ) film with 
uniformly dispersed spherical particles within a short duration at a processing 
temperature close to room temperature according to the present invention. When 
compared to conventional methods, the advantages of the invention become apparent. 
FIG. 8 shows the surface appearance of a barium titanate (BaTi0 3 ) film synthesized by 
10 anodic oxidation requiring bulk-Ti as substrate according to the prior art and observed 
by an FE-SEM. According to this prior art observation, even the end of scan voltage is 
relatively higher, the finally formed barium titanate particles are still considerably 
smaller. It is apparent that the formation of barium titanate film according to the 
present invention is faster than the prior art method. 
15 in actual practice, the parameters for the second step of the process may be 

modified subject to requirements. For example, the concentration of Ba(CH 3 COO) 2 
could be ranging from 0.35 to 0.5 M; the concentration of NaOH is preferably at about 
2 M; voltage scan speed could be ranging from 10 mV/s to 50 mV/s, end of scan 
voltage could be ranging from 0.4 V to 3V over a wide electrolytic duration from 20 
20 seconds to 24 hours; the processing temperature could be ranging from 30°C to 90°C. 

Actually, the two-step process, i.e., the reaction mechanism of the titanium 
film deposition and synthesis of barium titanate film on Ti-coated substrate of the 
present invention is completely different from the reaction mechanism of 
electrochemically anodic oxidation of the prior art method. FIG. 9 is a picture obtained 
25 by an electron microscope at magnification 10000 times from a Ti-coated substrate 
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obtained subject to the first step of the new process of the present invention. As 
illustrated in FIG. 9, the grain size of titanium film is in nano-scale. FIG. 10 is a 
picture obtained from bulk titanium by an electron microscope at magnification 400 
times. As illustrated in FIG. 10, the grain size of the bulk-titanium is about tens of jim, 
5 much greater than that of the titanium film shown in FIG. 9. Because titanium particles 
formed on the heterogeneous substrate according to the first step of the new process of 
the present invention are fine, synthesis of barium titanate film on Ti-coated substrate 
by electrochemically anodic oxidation can rapidly be achieved at a processing 
temperature as low as room temperature. 

10 Subject to the spirit of the present invention, materials, other than silicon, 

such as ceramics, glass, polymers, other metals, etc. may be used as substrates. 
Homogeneous (bulk-titanium) substrates can also be used. Such an economical process 
with simple set-up of instruments, a considerably fast growth rate, and especially a low 
processing temperature has great potential in mass production and many applications 

15 in electronics industry. 
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